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(71) We, Xerox Cohpgratign of 
Xerox Square, Rochester, New York 14603, 
United States of America, a body cor- 
porate organized under the laws of the 
5 State of New York, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly de- 

10 scribed in and by the following 
statement: — 

This invention relates to an elec- 
trostatographic developing material and its 
use in developing an electrostatic latent 

15 image comprised by a .surface. 

The formation and development of 
images on the surface of photoconductive 
materials by electrostatic means is well 
known. The basic electrophotographic 

20 process, as taught by C. R Carlson in U.S, 
Patent 2;i97,691, involves placmg a 
uniform electrostatic charge on a photo- 
conductive insulating layer, exposing the 
layer to a light and shadow image tto dis- 

25 sipate the charge on, the areas of the layers 
exposed to the light and developing the re- 
sulting electrostatic latent image by de- 
positing on the image a finely divided elec- 
troscopic matjerial referred to in the art as 

30 "toner". The toner will normally be att- 
racted to those areas of the layer which 
retain a charge thereby forming a toner 
image corresponding to title electrostatic 
latent image. This powder image may then 
be transferred to a support surface such as 
paper. The transferred image may sub- 
stantially be permanently affixed to the 
support surface as by heat Instead of 
latent image formation by tmiformly charg- 

40 ing the photoconductive layer and then ex- 
posing the layer to a light and shadow 
image, one may form the latent image by 
directly charging the layer in image con- 
figuration. The powder image may be fixed 

4S_jo the ^oto^nductive layer if the powder 



image transfer step is not desired. Other 
suitable fixing means such as solvent or 
overcoating treatment may be substituted 
for the foregoing heat fixing step. 

Several methods are known for applying 50 
the elearoscopic particles to the elec- 
trostatic latent image to be developed. One 
development method, as disclosed by E. N. 
WISE in U.S. Patent 2.618,552, is known 
as "cascade" development. In this method. 55 
a developer material comprising relatively 
large carrier particles having finely divided 
toner particles electrostatically coated 
thereon is conveyed to and rolled or cas- 
caded across the electrostatic image bear- ^ 
ing surface. The composition of the carrier 
particles is so selected as to triboelect- 
rically charge the toner particles to their 
desired polarity. As the mixture cascades 
or rolls across the latent image bearing ^5 
surface, the toner particles are elec- 
trostatically deposited and secured in 
positive development processes to the 
charged portion of the latent image and 
are not deposited on the uncharged or 70 
background portions of the image. Most of 
the toner partides accid^itaOy deposited in 
the background areas are removed by the 
rolling carrier, due apparently, to the 
greater electrostatic attraction between the 75 
toner and the carrier than between the 
toner and the discharged background. The 
earner and excess toner are then recycled. 
This technique is extremely good for de- 
velopment of line copy images. 80 

Another method for developing elec- 
trostatic images is the "magnetic brush" 
process as disclosed, for example, in. U.S. 
Patent 2.874,063. In this method, a de- 
veloper material containing toner particles 85 
and magnetically attractable carrier par- 
ticles are carried by a magnet. The mag- 
netic field of the magnet causes alignment 
of the magnetically attractable carrier par- 
ticles into a brushlike configuration. This 90 
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"magnetic brush'* is engaged with the elec- 
trostatic image bearing surface and the 
toner particles are drawn from the brush 
10 the latent image by electrostatic attrac- 
5 lion. 

Still another technique for developing 
electrostatic latent images is the "powder 
cload" process as disclosed, for example, 
by C. R Carlson in U.S. Patent 2;>21,776. 

10 In this method a developer material com- 
prising electrically charged toner particles 
in a gaseous fluid is passed adjacent the 
surface bearing the electrostatic latent 
image. The toner particles are drawn by 

15 electrostatic attraction from the gas to the 
latent image. This process is particularly 
Tiseful in continuous tone development. 

Other development methods such as 
"touchdown*' developement as disclosed by 

20 R. W. Gundlach in U.S. Patent 3,166,432 
may be used where suitable. 

Generally, commercial elec- 
:rostatographic development systems utilize 
automatic machines. Since automatic elec- 

25 trostatographic imaging machines should 
operate with a minimum of maintenance, 
:hc developer employed in the machines 
should be capable of being recycled 
through many thousands of cycles. In 

30 automatic xerographic equipment, it is con- 
ventional to employ an electrophotographic 
plate which is charged, exposed and then 
developed by contact with a developer 
mixture. In some automatic machines, the 

35 toner image formed on the elec- 
trophotographic plate is transferred to a re- 
ceiving surface and the electrophotographic 
plate is then cleaned for reuse. Transfer is 
effected by a corona generating device 

40 which imparts an electrostatic charge to 
attract the powder from the elec- 
trophotographic plate to the recording sur- 
face. The polarity of charge required to ef- 
fect image transfer is dependent upon the 

45 \isual form of the original copy relative to 
the reproduction and to the electroscopic 
characteristics of the developing material 
employed to effect development. For ex- 
ample, where a positive reproduction is to 

50 be made of the positive original, it is con* 
ventional to employ a positive corona to ef- 
fect transfer of a negatively charged toner 
image to the recording surface. When a 
positive reproduction from a negative 

55 original is desired, it is conventional to em- 
ploy positively charged toner which is re- 
pelled by the charged areas on the plate to 
the discharged areas thereon to form a 
positive image which may be transferred by 

w negative polarity corona. In either case, a 
residual powder image usually remains on 
the image after transfer. Because the plate 
may be reused for a subsequent cycle, it is 
necessary that the residual image by re- 

65 moved to prevent "ghost images" from for- 



ming on subsequent copies and toner film 
from forming on the photoreceptor surface. 
In a positive to positive reproduction 
process described above, the residual pow- 
der is tightly retained on the plate surface 70 
by a phenomenon not fully understood 
which prevents complete transfer of the 
powder to the support surface, particularly 
in the image area. Incomplete transfer of 
toner particles is undesirable because 75 
image density of the ultimate copy is re- 
duced and highly abrasive photoreceptor 
cleaning techniques are required to remove 
the residual toner from the photoreceptor 
surface. This imaging process is ordinarily 80 
repeated for each copy reproduced by the 
machine any time during the reusable life 
of the developer and the elec- 
trophotographic plate surface. 

Various electrostatographic plate clean- 85 
ing devices such as the "brush" and the 
"web" cleaning apparatus are known in the 
prior art. A typical brush cleaning appar- 
atus is disclosed by L. E. Walkup et al in 
U.S. Patent 2,832.977, The brush type 90 
cleaning means usually comprises one or 
more rotating brushes, which remove re- 
sidual powder from the plate into a stream 
of air which is exhausted through a filter- 
ing system. A typical web cleaning device 95 
is disclosed by W. E. Gralf, Jr. et al in U.S. 
Patent 3,186.838. As disclosed by Graff, Jr. 
et al, removal of the residual powder on 
the plate is effected by passing a web of 
fibrous materials over the plate surface. 100 
Another system for removing residual toner 
particles from the surface of a photo- 
receptor comprises a flexible cleaning blade 
which wipes or scrapes the residual toner 
from the photoreceptor surface as the sur- 105 
face moves past the blade. 

Unfortunately, the foregoing cleaning 
systems do not effectively remove air types 
of toner particles from all types of reusable 
photoreceptors. This is not a shortcoming 110 
of the cleaning system, but a shortcoming 
of particular toners used in conjunction 
with particular photoreceptors. If a 
particular toner would not tend to form an 
adherent residual film on a particular 115 
photoreceptor, the cleaning systems de- 
scribed would effectively remove all re- 
sidual toner. However, many commercial 
toners of their very nature do tend to form 
a residual film on reusable photoreceptors. 120 
The formation of such films is undesirable 
because it adversely affects the quality o" 
undeveloped and developed images. The 
toner film problem of these particular 
toners is acute in high speed copying and 125 
duplicating machines where contact be- 
tween the developer and the imaging sur- 
face occurs a great many more times and 
at a higher velocity than in conventional 
electrostatographic systems. Ultimately, the 130 
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toner buildup becomes so great that effec- 
tive copying or duplicating is impaired. As 
a result, more stringent means, e.g. solvent 
removal, are necessary to remove this type 
5 of film. Frequent shutdown of the appar- 
atus, in order to clean the surface of the 
photoreceptor is obviously undesirable 
since the machine is taken out of com- 
mision and repeated techniques of this type 

10 wear down the photoreceptor surface. 

Thus, there is continuing need for a 
technique for eliminating the buildup of 
toner film on the surface of a photo- 
receptor. Electrostatographic systems and, 

15 in particular, the imaging, developing and 
cleaning aspects of such systems would be 
significantly advanced if the foregoing 
problems were effectively overcome. 

Accordingly, it is an object of the in- 

20 vention to provide a developer composition 
which effectively eliminates toner film 
build-up. 

It is another object of the invention to 
provide a developer composition wffich im- 
25 proyes solid area print density. 

It is a further object of the invention to 
provide a developer composition which re- 
duces background density of copies. 

It is yet another object of the invention 
30 to provide a developer composition having 
enhanced and stabilized triboelectric 
characteristics. 

It is still another object <rf the invention 
to provide a developer composition which 
35 permits effective long term prevention or 
control of toner filming on a reusable 
photoreceptor. 

A still further obpect of the invention is 
to provide a developer composition of in- 
40 creased life, i.e., more prints per unit 
wei^t erf developer. 

Still another object of the invention is to 
provide a developer composition which 
yields copies of comparatively high optica] 
45 density. 

It is another object of the invention to 
provide a process which prevents un- 
desirable buildup of developer components 
on reusable electrostatographic imaging 
50 surfaces. 

It is a further object of this invention to 
provide an electrostatographic imaging 
process employing developing materials 
which provides for more effective cleaning 
55 of reusable electrostatographic imaging sur- 
faces. 

It is another object of this invention to 
provide an electrostatographic imaging 
process employing developer mixtures 
^ which are readily transferable from an 
electrostatographic surface to a transfer 
surface. 

A farther object of the invention is to 
provide an improved developer conv- 
«5 position and process which yields images 



and copy with no loss of resolution. 

Yet a further object is to provide an im- 
proved developer composition and process 
with no loss in fusing efficiency. 

A still further object of the invention is 70 
to provide an improved developer com- 
position having less tendency for toner 
blocking. 

A further object of the invention is to 
provide an improved developer com- 75 
position which increases the life of imaging 
surface cleaning members. 

The present invention provides an elec- 
trostatographic developing material in 
accordance with Claim 1 appended hereto, 80 
and a process of developing an electrostatic 
latent image in accordance with Claim 9 
appended hereto. Preferences for this 
process and the developing material are 
given in the remaining appended claims. 85 

The toner material of the present in- 
vention may be any electroscopic toner 
material which preferably is pigmented or 
dyed. Typical toner materials include poly- 
styrene resm, acrylic resm, polyethylene 90 
resin, polyvinyl chloride resin, poly- 
acrylamide resin, methacrylate resin, poly- 
ethylene terephthalate resin, polyamide 
resin, and copolymers, polyblends and mix- 
tures thereof. Vinyl resins [having a melting 95 
point or melting range starting at 110°F 
are especially suitable for use in the toner 
of this invention. These vinyl resins may 
be a homopolymer or a copolymer of two 
or more vmyl monomers. IVpical 100 
monomcric units which may be employed 
to form vmyl polymers include: styiene, 
vinyl naphthalene, mooo-olefins,. such as, 
ethylene, propylene, butylene. or isobuty- 
lene. vinyl esters, such as vinyl acetate, 105 
vmyl propionate, vinyl benzoate. or vinyl 
butryxate. esters of alphamethylene ali- 
phatic monocarboxylic acids such as 
methyl acrylate, ethyl acrylate, n-butyl 
acrylate, isobutyl acrylate, dodecyl acrylate, 110 
n-octyl acrylate, methyl methacrylate. ethyl 
methacrylate or butyl methacrylate; vinyl 
ethers such as vinyl methyl ether, vinyl 
isobutyl ether, or vinyl ethyl ether; vinyl 
ketones such as vmyl methyl ketone, vinyl 115 
hexyl ketone or methyl isopropenyl ketone; 
and mixtures thereof. Suitable materials 
employed as the toner will usually have an 
average molecular weight between 3,000 to 
500.000. 120 

Any suitable pigment or dye may be em- 
ployed as the colorant for the toner par- 
ticles. Toner colorants are well known and 
include, for example, carbon black, ni- 
grosine dye, aniline blue, Calco Oil Blue. 125 
chrome yellow, ultramarine blue, duPont 
Oil Red, quinoline yellow, methylene blue 
chloride, phthalocyanine blue. Malachite 
Green Oxalate, lamp black. Rose Bengal 
and mixtures thereof. The pigment or dyes 130 
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should be present Jn the toner in a suf- 
ficient quantity to render it highly coloured 
so that it will form a clearly visible image 
on a recording member. Thus, for example, 

5 where xerographic copies of typed 
documents are desired, the toner may com- 
prise a black pigment such as carbon black 
or a black dye such as Amaplast Black 
Dye available from the National Aniline 

10 Products, Incorporated. Preferably, the pig- 
ment is employed in an amount of from 
1% to 30%. by weight, based on the total 
weight of the colored toner. If the toner 
colorant employed is a dye, substantially 

15 smaller quantities of the colorant may be 
used. 

When the toner materials of the present 
invention are to be employed in the 
aforementioned development processes, the 

20 toner should have an average particle size 
by weight percent less than 30 microns. 

The solid lubricating or friction-reducing 
additive in the developing material of the 
present inveiition is a material which is 

25 capable of forming an adherent film de- 
posit on the imaging surface of a reusable 
photoreceptor during the repeating cycles 
of an electrostatographic system. This 
material need not be one which will form a 

30 completely continuous film on the imaging 
surface, although many will form a coii^ 
tinuous film. Other friction-reducing 
materials will tend to fill the valleys of the 
surface and minute peaks will be coated 

35 with no more than a monolayer of the 
friction-reducing material. This material 
must have characteristics which permit its 
deposition on an imaging surface more eas- 
ily than the toner material employed. The 

40 hardness of the friction-reducing material is 
undoubtedly related to the ability of this 
additive to form a deposit or film on the 
imaging surface. Thus, the friction reducing 
material must be softer than the selected 

45 toner materia!. Any of the suitable stan- 
dard hardness tests can be employed in de- 
termining whether or not a selected friction- 
reducing material is softer than a selected 
toner material. For example, usmg the 

5U Shore Durometer A, B, C or D Hardness 
scales, following the techm'que of ASTM 
D-1706. any material having a hardness 
less than that assigned to a selected toner 
would be effective providing the material 

55 has the other characteristics detailed 
below. The melting point of the friction- 
reducing additive is limited mainly by the 
ambient operating conditions and obviously 
should be at least somewhat higher than 

60 the ambient temperature. 

The friction-reducing material also must 
have greater friction-reducing charac- 
teristics than the selected toner material. 
Any dynamic technique can be employed 

65 to determine the relative friction-reducing 



characteristics of the contemplated friction- 
reducing materials versus contemplated 
toner materials. In general, the test in- 
volves merely comparing the degree of re- 
duction in friction caused by the friction- 70 
reducing material versus the toner material 
when each is placed between two mating 
surfaces in relative motion. The materials 
of the mating surfaces should be reasonably 
flat and each should have a kinetic co- 75 
efficient of friction greater than that of the 
friction-reducing material and the toner 
material. 

One technique found to be adequate is as 
follows : The object of the technique is to 80 
traverse a blade of rubberlike material 
across imaging surfaces which had been 
buffed with the materials to be tested, fol- 
lowed by a determination of the relative 
coefficient of friction values of the buffed- 85 
on materials. It will be appreciated that 
"rubberiike" has the same sense as 
elastomeric. 

A blade holder and sled mechanism is 
employed in conjunction with a base for 90 
supporting an imaging surface. The blade 
is a strip of a commercially available poly- 
urethane rubberlike material, 1 1/2 inch 
long, 1/16 inch thick and 1/2 inch wide. 
The edge of the strip, which will make 95 
contact with the imaging surface, is cut or 
chamfered at an angle of 60* to the 
horizontal. The blade will be held with the 
chamfered region facing away from the 
direction of traverse of the blade. It will be 100 
held at an angle of 22** with respect to the 
imaging surface in a wiping, rather than 
chiseling, attitude. The imaging surfaces 
are selenium coated aluminum plates. 12 
X 14 inches in size. The coefficient of fric- 105 
tion measurements are made with an In- 
stron Mo.del TM (Instron Corporation, 
Canton, Massachusetts) attached to the 
blade holder sled. "Instron" is a Registered 
Trade Mark. The force necessary to pull 110 
the sled alone is determined and this is 
subtracted from the force necessary to pull 
the sled and move the blade across the im- 
aging surface. This results in the kinetic 
force of friction necessary to pull the blade 115 
alone. The normal force of the blade mov- 
ing along the Imaging surface is measured 
with a force gauge. The kinetic force 
divided by this value results in a value of 
the kinetic coefficient of friction. 120 

The coefficient of friction values for as 
many selenium plates as there are 
materials to be tested is determined. Any 
plate having a value deviating from the 
mean by more than 10% is discarded. 125 
Using a different plate and blade for each 
material to be tested, each plate is buffed 
in a uniform manner with the material to 
be tested. Equal weights of material are 
employed during application of the 130 
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material to the plates. 

In this manner, one skOled in the art can 
determine the friction-reducing charac- 
teristics of selected materials versus con- 
5 templated toner materials. Specific ex- 
amples of materials tested in this manner 
are given below. 

The friction-reducing materials also must 
have a resistivity hi^ enough not to in- 
10 terfere with the latent image on the im- 
aging surface. 

Typical friction-reducing materials hav- 
ing me above defined characteristics in- 
clude: saturated or unsaturated, sub- 
15 stituted or unsubstituted fatty acids* prefer- 
ably of from 8 to 35 carbon atoms, or 
metal salts of such fatty acids; fatty al- 
cohols corresponding to said acids; mono- 
and polyhydnc alcohols esters of said acids 

20 and cofresponding amides; polyethylene 
glycols and methoxy-polyethylene glycols; 
terephthaJic add; isophthalic add, 2,5 
dimethylterephthalic acid, 2,5 dichloro- 
teiphthalic acid, p-phenylene diacrylic 

25 acid, anisic add. terephthaldehyde, metal 
terephthalates e.g. sodium terephthalate; 
cholesterol ; perchloropentacyclodacane, 
polycaprolactones havi:^ a molecular 
weight of about less than 4000. and low 

30 molecular weight florocarbon compounds 
such as waxy short chain talomers of tetra- 
fluoroethylene. low molecular weight, 
smearable poltetrafluoroethylene powders, 
etc. The metal salts of the above identified 

35 fatty adds include, but are not limited to, 
the lithium, sodiima. potassium, copper, 
rubidium, silver, magnesium, caldum. zinc, 
strontium, cadmium, barium, mercury, 
aluminum, chromium, tin. titanium, zirco- 

40 nium. lead, manganese, iron, cobalt and 
nickel salts and mixtures of said salts. Am- 
monium and substituted ammonium salts 
of fatty acids are also contemplate. 
Spedfic fatty acids contemplated include 

45 caprylic. pelargonic, capric. undecanoic, 
lauric, tridecanoic, myristic, pentadecanoic, 
palmitic, margaric, stearic, arachidic, 
behenic, lignoceric, cerotic and mixtures 
thereof. The corresponding solid fatty al- 

50 cohols, esters, amides, derivatives thereof 
and mixtures thereof are contemplated. 

Spedfic mono and polyhydric alcohol 
estars of fatty adds which axe con- 
templated are derived from Q to Co al- 

55 cohols which form esters with fatty adds 
whidi are solid under the conditicHis of 
contemplated use. For example, methyl, 
etiiy!, propyl, etc., alcohols or alkylene 
diols and triols of £com 2 to 10 carbon 

60 atoms at least partially esterified with Q-Qs 
fatty acids are contemplated. Examples of 
contemplated esters include: methyl stear- 
ate, ethylene glycol monostearate, glyceryl 
tri-(12-hydroxy stearate), 1,2,4-butanetriol 

65 tristearate, etc. 



The polyethylene glycols and nxethoxy- 
polyethylene glycols are condensation 
products known conun^cially as Car- 
bowaxes. The contemplated Carbowaxes 
are solid, waxlike materials having a 70 
molecular weight of up to about 6000. 

When a developer composition con- 
taining a friction-reducing material as the 
additive is employed for general copying 
purposes, there is noted an excessive build- 75 
up of this additive on the imaging surface 
in somewhat the same fashion as toner 
without an additive builds up. This build- 
up is also particularly acute in high speed 
copying and duplicating machines where 80 
contact between the developer and the im- 
aging surface occurs a great many mors 
times and at hi^er velodties than in con- 
ventional electrostatographlc systems. It 
was discovered that the utilization of a S5 
comparatively hard, finely divided non- 
smearable abrasive material could be em- 
ployed in conjunction with the friction-re- 
ducing material with outstanding success. 

With no intention of being bound by any 90 
theory of actjon, it is believed that a fric- 
tion-reducing material of die type defined, 
if used as the sole developer additive, 
fonns a lubricating film on an imaging sur- 
face more easily and to the essential ex- 95 
elusion of a toner film. This film not only 
permits more effective removal of residual 
toner material but also increases the life 
and efficiency of any cleaning member used 
to remove residual developer. During use, 100 
however, the friction-reducing material will 
build up to an extent which gradually de- 
grades the quality of copies. By including 
in the developer composition a minor 
proportion of divided, nonsmearable mildly 105 
abrasive material as specified in claim 1 
appended hereto, this material will control 
the buildup of the fricticai-reducing 
material by its abrasive action when a 
cleaning means removes residual developer 110 
from an imaging surface with a force 
which causes 5ie developer mixture to be 
wiped across at least a portion of the im- 
aging surface. This combination of ad- 
ditives permits the friction-reducing 115 
material to perform its function while the 
abrasive material prevents an excessive, in- 
terference layer of lubricant from building 
up. In addition, the proper triboelectric dif- 
ference between a charging means, e.g. car- 120 
tier particles, and the toner material is at 
least stabilized since the abrasive material 
prevents a nullifymg buildup of toner on 
the charging means. 

Subject to claim 1 appended hereto, con- 125 
templated abrasive materials include col- 
loidal silica, aluminum silicate, surface 
treated aluminum silicate, titanium doxide. 
alumina, calcium carbonate, antimony 
trioxide, barium titanate, caldum titanate 130 
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or strontium titanate, CaSiOj. MgO, ZnO. 
ZrO, etc. and mixtures thereof. The 
abrasive materials can, it* desired, have 
hydrophobic characteristics. 
5 The average particle size of the 
abrasive additive should preferably fall 
within the submicron range of from 1 to 
500 millimicrons and most preferably, be- 
tween 10 to 100 millimicro s. 

JO Concerning the comparative hardness of 
the abrasive type material, this material 
must be harder than both the toner 
material and the friction-reducing material. 
While most of the materials disclosed can 

15 be considered to be very hard materials 
falling within Mohs' hardness scale, it is to 
be understood that any material of less 
hardness than talc of Mohs' hardness 
scale can also be employed so long as it is 

20 harder than the toner material and friction- 
reducing material. Materials softer than 
talc are conveniently classified according to 
the Shore durometer penetration technique 
and placed within either scale A, B, C and 

25 D of this test procedure. 

The chemical composition of the 
abrasive additive is not critical so long as 
it does cnot introduce deleterious con- 
taminants or adversely affect the imaging 

30 and development aspects of an elec- 
trostatographic system. In addition, there is 
no particular criticality surrounding the 
shape of each abbrasive particle since both 
spherical and liegularly shaped additives 

35 function effectively. A preferred abrasive 
additive is Kaophile 2 a hydrophobic 
aluminum silicate, available from Georgia 
Kaolin Comijany Elizabeth. New Jersey. 
The composition of the present invention 

40 finds utility in all known elec- 
trostatographic developement systems. This 
includes systems which employ a carrier 
material such as magnetic brush de- 
\eIopement and cascade development as 

45 well as systems which do not necessarily 
employ a carrier material such as powder 
cloud development, fiber brush de- 
velopment and touchdown development. 
Suitable coated and uncoated carrier 

50 materials for cascade development are well 
known in the art The carrier particles 
comprise any suitable solid material, provided 
that the carrier particles acquire a charge 
having an opposite polarity to that of the 

55 toner particles when brought in contact 
with the toner particles so that the toner 
particles cling to and surround the carrier 
particles. When a positive reproduction of 
the electrostatic images is desired, the car- 

60 rier particles are selected so that the toner 
particles acquire a charge having a polarity 
opposite to that of the electrostatic image. 
Alternatively, if a reversal reproduction of 
the electrostatic image is desired, the car- 

65 rier is selected so that the toner particles 



acquire a charge having the same polarity 
as that of the electrostatic image. Thus, 
the materials for the carrier particles are 
selected in accordance with its triboelectric 
properties in respect to the electroscopic 70 
toner so that when mixed or brought into 
mutual contact, one component of the 
developer is charged positively if the other 
component is below the first component in 
a triboelectric series and negatively if the 75 
other component is above the first com- 
ponent in a triboelectric series. By proper 
selection of materials in accordance with 
their triboelectric effects, the polarities of 
their charge, when mixed, are such that 80 
the electroscopic toner particles adhere to 
and are coated on the surface of carrier 
particles and also adhere to that portion of 
the electrostatic image bearing surface hav- 
ing a greater attraction for the toner than 85 
the carrier particles. Typical carriers in- 
clude: steel, illntshot, aluminum potassium 
chloride, Rochelle salt, nickel, potassium 
chlorate, granular zircon, granular silica, 
methyl methacrylatc. or glass. The carriers 90 
may be employed with or without a coat- 
ing. Many of the foregoing and other ty- 
pical carriers are described in U.S. Patent 
2,618.552. An ultimate coated particle dia- 
meter between 50 microns to 2000 microns 95 
is preferred because the carrier particles 
then possess sufficient density and inertia 
to avoid adherence to the electrostatic 
images during the cascade development 
process. Adherence of carrier beads to 100 
electrostatic drums is undesirable because 
of the formation of deep scratches on the 
surface during the image transfer and drum 
cleaning steps. Also, print deletion occurs 
when large carrier beads adhere to xerogra- i05 
phic imaging surfoces. For magnetic brush 
development, carrier particles having an 
average particle size less than 800 microns 
are satisfactory. Generally speaking, satis- 
factory results are obtained when 1 part 110 
toner is used with 10 to 1000 parts by 
weight of carrier in the cascade and mag- 
netic brush developers. 

Concerning the broad relative propor- 
tions of the toner material versus the ad- 115 
ditive materials, functionally stated, the 
friction-reducing material should be present 
in a proportion at least sufficient to form 
on adherent deposit substantially uniformly 
distributed over at least 20% of the area 120 
of an imaging surface during cyclic use of 
the imaging surface. It is preferred that ap- 
proximately 100% of the imaging area 
becomes coated with the friction-reducing 
material. It has been found that from 0.01 125 
to 10.0% by weight of friction-reducing 
material based on the weight of the toner 
material will achieve the foregoing degree 
of coverage. A particularly preferred ratio 
is from 0.1% to 2.0% by weight of fric- 130 
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tion-reducing material based on the wei^t 
of toner. 

Functionally stated, the abrasive material 
must be present in a relative proportion suf- 
5 ficient to maintain the thickness of the fric- 
tion-reducing film deposit within the sub- 
micron range i.e. less than lO.OOOA, in 
order to avoid having an interference film, 
yet this proportion must not be so great as 

10 to completely remove the deposit or pre- 
vent one from forming. If the relative 
proportion is so great that no film is re- 
tained or form^, the mildly abrasive 
material will be acting directly on the 

15 photoreceptor and for long term operating 
this can contribute to shortening the life of 
the photoreceptor and certain of the cleaning 
means employed in the system. As a lower 
limit, as long as about 5A of the friction- 

20 reducing material is available on the im- 
aging surface the benefits of the present in- 
vention will be realized. One skilled m the 
art can readily determine optimum ratios 
of the dual additives by monitoring the 

25 thickness of the residual friction-reducing 
film. The use of a radioactive tracer in the 
friction-reducing material is one effective 
means of optimizing proportions. Com- 
parative long term runs will also be of as- 

30 sistance. Generally, it has been found that 
from 0.01% to 10.0% by weight of 
abrasive material based on the weight of 
the toner material will achieve the desired 
results. A particularly preferred range is 

35 from 0.1 to 2.0% by weight. 

The developing material of the present 
invention may be employed to develop 
electrostatic latent images on any suitable 
electrostatic latent image bearing surface 

40 including photoconductive surfaces. Well 
known photoconductive materials include: 
vitreous selenium, organic or inorganic 
photoconductors embedded in a non- 
photoconductive matrix, organic or in- 

45 organic photoconductors embedded in a 
photoconductive matrix. Representative 
patents in which photoconductive materials 
are disclosed include: U.S. Patent 
2.803,542 to Ullrich, U.S. Patent 2,970,906 

50 to Bixby. U.S. Patent 3,121,006 to Mid- 
dleton. U.S, Patent 3,121.007 to Middleton 
and U.S. Patent 3.151,092 to Corrsin. 

In U.S. Patent 2,986.521, Wielicki. there 
is tau^t a reversal typQ developer powder 

55 for electrostatic printing comprising elec- 
troscopic material, i.e. toner, coated wth a 
finely divided colloidal silica. The toner 
material must have (1) a positive 
triboelectric relationship with respect to the 

^ silica and (2) the silica coated toner must 
be repelled from negatively charged areas 
of an imaging surface. The only positively 
stated purpose or utility for the sOica is to 
reduce tackmess and immprove the free 

«5 flowing charact^stics of the developer 



powder. 

In British Patent Specification No. 
1,172,839 it is taught that the inclusion of 
a minor proportion of hydrophobic metal 
salt of a fatty acid in an electrostatic de- 70 
veloper overcomes certain problems as- 
sociated wth the use of prior art toner and 
carrier materials. Among the problems are 
the tendency of the toner to form un- 
wanted deposits which interfere with copy 75 
quality and the long term abrasive affects 
of carriers and some toners. The metal salt 
of a fatty acid overcomes these problems, 
however, it has been observed tiiat ex- 
cessive buildup of the metal salt can 80 
likewise cause degradation of copy quality. 

In U.S. Patent 3.552,850 issued to Ste- 
phen F- Royka et al. it is taugjit to employ 
a dry lubricant when employing a blade 
cleaner in an dectrostatographic imaging 85 
system. This patent however, does not 
teach how to control the deleterious 
build-up of dry lubricant. 

The following examples further define, 
describe and compare exemplary methods 90 
of preparing the developement system com- 
ponents of the present inv^tion and of 
utilizing them in a development and clean- 
ing process. Parts and percentages are by 
weight unless otherwise indicated. Hie ex- 95 
amples, other than the control examples, 
are also intended to illustrate the various 
preferred embodiments of the present in- 
vention. 

100 

EXAMPLE I 

The vitreous selenium drum of an 
automatic copying machine is corona 
charged to a positive voltage of 800 volts 
and exposed to a light and shadow image 105 
to form an electrostatic latent image. The 
selenium drum is then rotated through 
a magnetic brush development station. A 
control developer comprising 2 parts of 
toner, containing a polystyrene resin and 110 
100 parts of steel shot carrier beads. The 
toner particles have an average particle 
size of 12 microns and the carrier beads an 
average particle size of 125 microns. After 
the electrostatic latent image is developed 115 
in the developing station, the resulting 
toner image is transferred to a sheet of 
paper at a transfer station. The residual 
toner particles remaining on the selenium 
drum after passage through the transfer 120 
ste,tion is removed by three different tech- 
niques. In each case, and in subsequent ex- 
amples, it is to be understood that a clean 
selenium drum is employed in the ex- 
amples. 125 

One technique employs a cylindrical 
brush having an overall diameter of 4 
inches, a 15 denier polypropylene having a 
pile height of 3/8 inch, and a fiber density 
of 54,000 fibers per square inch. The brush 130 
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is positioned against the drum to permit a 
fiber interference of 0.1 inch and is rotated 
at 175 revolutions per minute. Initial copv 
quality is excellent, however, after 25.000 
5 copies, background density is very high, re- 
solution is markedly decreased, image fill 
in solid and line copy is poor and edge 
definition is poor. Inspection of the drum 
reveals slight signs of wear and a sig- 
nificant buildup of toner on the surface 
thereof. 

A second technique employs a cleaning 
web of the type disclosed by W. P. Graif, 
Jr. ei al m U.S. Patent 3.186.838. A non- 

l^ woven rayon web contact pressure of 18 
pounds per square inch, web-photoreceptor 
relative speed of 1,5 inches per second, and 
a web contact arc distance of 1/8 inch are 

2A employed. After the copying process is re- 

^" peated 5000 times, the copies show fairly 
good line contrast and little background 
deposit. However, large solid areas possess 
a washed out appearance. Micrograph 
studies of the drum surface reveal a sig- 

^ nificant buildup of toner film. 

A third technique employs a doctor 
blade cleaning mode of removing residual 
toner. A rectangular 1/16 inch thick strip 
of elastomeric polyurethane material, hav- 

30 ing one end chamfered to form a cleaning 
edge having an angle of 60**. is positioned 
parallel to the axis of the drum. The 
chamfered edge of the blade is held at a 
chiseling rather than wiping attitude with 

35 respect to the moving drum. The vertical 
resultant force employed to press the entire 
blade edge against the drum surface is 
about three pounds as read on a spring 
scale. Initial copies reveal good copy qual- 

40 ity in all respects, however, after 2000 
copies, image quality is markedly inferior 
showing high bacli^round density, poor 
image fill and decreased resolution. In- 
spection of the drum reveals a significant 

45 buildup of toner on the imaging surface. 
The foregoing illustrates the problem en- 
countered when employing a typical toner 
material which of its very nature has a 
tendency to build up on the photoreceptor. 

^" The increasing buildup is imdoubtedly the 
main cause of decline in copy quality. 
EXAMPLE 11 
The developer procedure of Example I is 
repeated except that the developer is modi- 

55 fied in the following manner; O.l part of 
zinc stearate having a particle size dis- 
tribution of 0.75 to 40.0 microns is gently 
folded into one part of toner. The resulting 
mixture is thoroughly milled in a Szegvari 

60 attritor for 10 minutes. After developed 
image transfer, as in Example I. the doctor 
blade and technique of Example I is em- 
ployed except the blade force used is 0.2 
pounds. After 2000 cycles, the copies are 

65 characterized by high density and high 



background deposits. The surface of the 
selenium drum will be observed to have an 
excessive film buildup. The film deposit is 
either zinc stearate or a combination of the 
same with toner. 70 

By increasing the blade force on the 
photoreceptor drum to three pounds copy 
quality remained good through 200 cycles. 

The foregoing example illustrates that by 
employing a representative friction-reducing 75 
material, i.e.. zinc stearate. in the developer 
comx)osition. coupled with a cleaning 
means supplying sufficient force during 
cleaning, deleterious film buildup is effec- 
tively controlled. gQ 

The following examples illustrate that by 
employing a comparatively abrasive 
material in conjunction with the film for- 
ming lubricant, copies of exceptionally high 
quality are obtained by an even more ef- 85 
fective control of film buildup. 

EXAMPLE in 

The developing procedure of Example I 
is repeateil except that the developer is 
modified to have as the dual additive vO 
0.25% of 10-20 micron cadmium stearate 
iind l.O 'o of 200 millimicron Kaophile 2, a 
commercially available hydrophobic 
aluminum silicate. The coefficient of fric- 
tion of the cadmium stearate? is 0.25 and 95 
the Shore Durometer hardness is 78 on the 
A scale and 66 on the B scale. After de- 
veloped image transfer as in Example I, 
the blade cleaning technique of Example 1 
is employed utilising a blade force of 3 100 
pounds. After 2000 cycles, this developer 
yields copies of exceptional quality in 
every respect. The film buildup on the 
photoreceptor does not exceed 500A. 

EXAMPLE IV 105 

The process of Example III is repeated 
except the dual additive consists of 0.25% 
perchloropentacyclodecancf and 1.0 ?i tita- 
nium dioxide. The perchloropenta- 
cyclodccane has a coefficient of 110 
friction of I.O and a Shore Durometer 
hardness of 87 on the B scale. The tita- 
nium dioxide has an average particle size 
of 30 millimicrons. This developer, after 
2000 cycles, yields copies of a quality com- 115 
parable to that of Examples III. The» re- 
sidual film buildup will not exceed 300A. 
EXAMPLE V 

The process of Example III is repeated 
except the dual additive consists of 0.25% 120 
stearyl alcohol and 1.0?; antimony triox- 
ide. The^ stearyl alcohol has a coefficient of 
friction less than that of the toner and a 
Shore Durometer hardness of less than that 
of the toner. The antimony trioxide powder 125 
has an average particle size of 100 millimi- 
crons. This developer, after 2000 cycles, 
yields copies of a quality comimrable to 
that of Examples III. The residual film 
buildup will not exceed 400A. 13a 
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EXAMPLE VI 
The process of Example HI is repeated 
except the dual additive consists of 0.25 
zinc stearate and 1.0% submicron silicon 

5 dioxide. The silicon dioxide has not been 
treated to render it organophilic. The silicon 
dioxide particles are produced by flame 
hydrolysis decomposition of pure silicon 
tetrachloride in the gaseous phase in an 

10 oxyhydrogen flame at 1100°C (as a typical 
temperature). The process of the present 
Example is operated at a relative humidity 
of 80% at an average temperature of 
TS^'F. The background density, resolution 

15 image fill in line* copies and edge definition 
are good in intial copies. However, after 
900 copies background density has more 
than doubled, resolution has decreased, 
image-fill in line copies is poor and edge«- 

20 definition is poor. The photoreceptor re- 
veals a dull ^mp claylike film wich can- 
not be removed by ordinary cleaning tech- 
niques. 

The samef process carried out at a zela- 

25 tive humidity of 30% at 75**F yields ex- 
cellent copies after about 2000 cycles. No 
claylike film is observed on the photo- 
receptor sur&ce. 
It is believed that the voluminous, high 

30 surface area, untreated silica acts as dessi- 
cant and the water taken up by the ad- 
ditive deleteriously affects all aspects of 
thd development and cleaning steps of the 
process. Under comparatively dry con- 

35 ditions this is not observed. 

EXAMPLE VII 
The process of Example n is repeated 
except a reversal development mode is em- 
ployed. 100 parts of 250 micron steet shot. 

40 the particles of which are coated with a 
mixture of a copolymer of poly- 
vinylchloride and polyvinylacetated with 
Luxol Fast Blue, a commercially available 
dye, is mixed with 1 part of a toner con- 

45 sisting of 65% polystyrene, 35% poly-n- 
butylmethacrylate and 10% carbon 
black. This reversal developer also contains 
(in addition to the zinc ste<arate of Ex- 
ample II) 1.0% by weight of MO3 based 

50 on the weight of toner. The MOs has an 
average* particle size of 30 millimicrons. Ef- 
fective development is achieved in the dis- 
charged areas of the imaging surface. After 
1000 cycles, tiie copies are excellent in 

55 every respect. Residual developer buildup 
on the imaging surface will not exceed 3()0 
A. 

Although spedfic matmals and con- 
ditions are set forth in the foregoing ex- 

60 amples, these are merely inteiaded as illus- 
trations of tibe present invention. Various 
other suitable toner components, additives, 
colorants, carriers and developmemt tech- 
niques such as those listed above may be 

65 substituted for those in the examples with 



similar results. Other matmals may also 
be added to thef toner or carrier to sen- 
sitize, syneigize or otherwise improve the 
imaging properties or other desirable 
properties of the system. 70 

Reference is made to our copendinjg Brit- 
ish patent application 46891 /7Z (Serial No. 
1402010). 

WHAT WE CLAIM IS:— 

1. An electrostatogmphic developing 75 
material comprising particles, said particles 
including (1) divided electroscopic toner 
material; (2) a minor proportion based on 
the wei^t of said toner of a divided, solid, 
friction-reducing material having a hard- go 
ness less than said toner material and hav- 
ing greater friction-reducing characteristics 
than said toner material, said friction-re- 
ducing material having a greateo: tendency 
than said toner material of forming an ad- 85 
herent film deposit on a surface when ap- 
plied from a mixture of said materials ^th 

a shearing force; and (3) a minor proportion 
based on the weight of said toner maternal 
of a (tivided nonsmearable abrasive 90 
material of a hardness greater than said 
fricdon-redudng and toner materials, said 
abrasive material being other than 0.01 to 
10.0 percent by weight based on the weight 
of said toner material of submicron size 95 
colloidal particles that are silicon dioxide 
particles having surface silicon atoms chemi- 
cally attached through silcon-oxygen silicon 
bonding to silicon atoms having 1 to 3 or- 
ganic groups directly attached thereto by 100 
silicon-carbon bonding. 

2. The developing material according to 
Oaim 1 wherein said developing material 
comprises from 0.01 percent to 10.0 per- 
cent by weight of said friction-reducing 105 
material based on the weight of said toner 
material; and from 0.01 percent to 10.0 
percent by weight of said abrasive material 
based on the weight of said toner material. 

3. TheJ developing material according to HO 
Qaim 1 wherein said developmg material 
comprises from 0.1 percent to 2.0 percent 

by weight of said friction-reducing material 
based on the weight of said toner material; 
and from 0.1 percent to 2.0 percent by 115 
weight of said abrasive material based on 
the wei^t of said toner material. 

4. The developing material of any of 
Qaims 1 to 3 wherein the abrasive 
material has an average particle dze be- 120 
tween 1 millimicron and 500 milimicrons. 

5. The developing material of any of 
Qaims 1 to 3 wherein said abrasive 
material has an average particle size be- 
twetin 10 millimicrons and 100 millimi- 125 
crons. 

6. The developing material of any of 
Claims 1 to 5 wherein the toner material 
has an average particle size of less than 30 
microns. 130 
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7. The developing matefrial of any of 
Claims 1 to 6 including from 10-1000 parts 
by weight of carrier particles per part of 
toner material said carrier particle being 

5 substantially larger than said divided toner 
material. 

8. The developing material of Claim 1. 
substantially as described with reference to 
the Examples. 

10 9. A process of developing an elec- 
trostatic latent image comprised by a sur- 
faced said process comprising 

developing an electrostatic latent image 
by the developing material of any one of 

15 claims 1 to '8, to give a developed corres- 
ponding to said latent image. 

10. The* process of Claim 9, comprising 
removing at least a portion of at least any 
residual developed image from said surface 

20 by a force which causes the toner, friction- 
reducing and abrasive materials of said de- 
veloping material to be wiped across at 
least a portion of said surface. 

11. The process of Claim 10 wherein 
25 the combination of said force and the 



abrasive character of said abrasive material 
is sufficient to maintain the buildup of said 
friction reducing material on said imaging 
surface in the submicron range without 
completely removing said buildup. 30 

11. The imaging process of Claim 10 or 
11 wherein said force is applied via a 
cleaning blade. 

12. The imaging process of Claim 10 or 

11 wherein said force is applied via a 35 
cleaning web. 

13. The imaging process of Claim 10 or 
11 wherein said force is applied via a 
cleaning brush. 

15. The process of any one of Claims 40 
10 to 14 comprising repeating the process 
sequence at least one time. 

16. The process of Claim 9, sub- 
stantially as described with reference to the 
Examples. 45 
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